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Summary 
	
	

The extraordinary physicochemical properties and the high specific area of 2D 

materials render them very attractive for a plethora of potential applications; they can 

be used as platforms for integrating different moieties, clusters, molecules or 

nanomaterials into hybrids, allowing for the creation of composites with new or 

enhanced properties. On the other hand, the importance of preparing layer-by-layer 

hybrid films relies on the ability to control the architecture, the thickness, and the 

functionality of the formed nanostructures. 

The aim of this thesis focuses on the development and study of novel low-

dimensional films and hybrids based on layered nanomaterials such as graphene 

and germanane, assembled with the help of the Langmuir-Blodgett (LB) technique. 

The Langmuir-Blodgett technique is one of the most promising layer-by-layer 

methods for preparing thin films with varying layer composition (organic or/and 

inorganic nanostructures). This bottom-up approach allows to accurately control the 

thickness of the deposited film and allows for a homogeneous deposition over large 

areas with a high degree of structural order. Numerous studies have been reported 

during the past years concerning the assembly of graphene sheets and different 

building blocks by the LB method in order to produce hybrid thin films with enhanced 

optoelectronic and mechanical properties. Such single layer or multilayer systems 

can be employed in a variety of different application areas such as in electronics, 

solar cells and sensors, as described in Chapter 2. 

Much of the research effort on graphene focuses on its use in the development of 

new hybrid nanostructures suitable for applications in gas storage, heterogeneous 

catalysis, gas/liquid separations, nanosensing, and biomedicine. Towards this aim, in 

Chapter 3 we describe a bottom-up approach, which combines the self-assembly 

with the Langmuir-Schaefer (LS) deposition technique in order to fabricate graphene-

based layered hybrid materials that host fullerene molecules within the interlayer 

space. As was revealed by conductivity measurements, the presence of C60 within 

the interlayer spacing lowers the resistivity of the hybrid material as compared to the 

pure organo-graphene matrix. This graphene/fullerene hybrid could ideally be used 

as transparent electrodes as well as in thin film transistors or supercapacitors. 
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Motivated by the previous work, a further investigation of graphene-based hybrid 

thin films fabricated by the same bottom-up approach but hosting fullerene 

derivatives was reported in Chapter 4. More specifically, fullerols (C60(OH)24) and 

bromo-fullerenes (C60Br24) molecules were integrated in graphene oxide (GO) layers 

by combining the Langmuir-Schaefer technique with one and two self-assembly 

steps respectively.	 The hybrid thin films were characterized by a variety of 

techniques in order to prove the presence of the fullerene derivatives between the 

GO layers. Moreover, wetting experiments revealed that the ODA-GO-C60(OH)24 

hybrid system exhibits a more hydrophobic character than ODA-GO-HEX-C60Br24, 

suggesting that the hydrophobicity doesn’t depend on the functional groups of the 

pristine nanomaterials but on the morphology of the hybrid system. These novel 

fullerene-based hybrid films could be candidates for potential applications in 

photovoltaics, sensors, or optoelectronic devices as well as in photocatalysis and 

drug delivery. 

In Chapter 5 a new class of highly ordered hydrophilic luminescent carbon dot (C-

dot) intercalated graphene oxide structures was reported for the first time; the 

material was produced by combining the Langmuir-Schaefer method with self-

assembly. The precise thickness control combined with homogeneous deposition 

makes the LS technique ideal for preventing aggregation of carbon-based 

nanostructures such as fullerene or carbon dots in hybrid systems. C-dots with a 

mean diameter of 4 nm were produced by microwave-assisted pyrolysis, which is a 

convenient method because it is low-cost, facile and efficient. The transparency of 

the hybrid multilayers consisting of C-dots sandwiched between graphene oxide 

showed could be controled by adjusting the number of the deposited layers. The high 

quality photoluminescence with narrow emissions of C-dots is preserved in these 

multilayer films. These novel hybrid systems are suitable for applications such as 

nanoprobes, optoelectronic devices and transparent electrodes as well as for drug 

delivery.  

Germanane (GeH), the germanium graphane-analogue has recently attracted 

considerable interest due to its high mobility, non-zero band gap and optoelectronic 

properties. In Chapter 6, we describe how germanane was produced at room 

temperature by a new synthetic approach based on the topotatic deintercalation of β-



	

	 139	

CaGe2 in aqueous HF solution. The exfoliated germanane nanosheets can be 

assembled into deposited monolayer films with different packing density exploiting 

the Langmuir-Schaefer method. The coverage, uniformity and single-layer level 

control of the assembly was confirmed by π-Α isotherms and AFM measurements. 

The antimicrobial activity of germanane in aqueous dispersion and in monolayers 

form was investigated for the first time. Our results revealed that an antimicrobial 

effect of germanane for Gram-negative and Gram-positive bacteria, with an 

especiallly outstanding activity against Brevibacterium bacterial strains. The 

monolayers produced by the Langmuir-Schaefer might be applied in the future as 

high efficiency antimicrobial surfaces in hospitals and in the food industry. 

 




